Abstract: Understanding the carbon (C) cycle of the terrestrial ecosystem and estimating the C sequestration potential in soils are critical to evaluate ecosystem function and security. The vertical distribution of soil organic carbon (SOC) and inorganic carbon (SIC) as well as their influencing factors under different types of vegetation in two toposequences of the Liudaogou watershed on the Loess Plateau of China were investigated. Results showed that the measured soil properties were differentiated into two groups: (1) one behaving relatively conservatively (pH, bulk density, silt content, and capillary and total porosity) with coefficient of variations (CVs) < 10% and (2) the other encompassing more labile components (SOC, SIC, noncapillary porosity, clay, and sand and soil water content) with CVs > 10%. Soil organic C under different vegetation covers in the two toposequences (0.62 to 5.12 g kg -1 ) decreased rapidly with depth in the top 0 to 50 cm soil layer and then remained relatively stable over the 50 to 200 cm depth, which can be described by the exponential model. In contrast, SIC (4.11 to 18.69 g kg -1
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) was much higher than SOC and showed distinct distribution patterns, which increased initially with depth and then decreased downwards except for the grassland in the west-facing slope (W-grassland) exhibiting an opposite trend. There were no significant differences of SOC either under different vegetation covers or in different slopes over the whole profile (p > 0.05); however, significant differences of SIC were observed for both different vegetation covers in the same slope and for the same vegetation cover in different slopes (e.g., W-grassland versus W-forestland, W-grassland versus NE-grassland) (p < 0.05). This study demonstrated that different soil properties could simultaneously affect SOC and SIC contents; thus attempts to model SOC and SIC based on the independent effects of individual soil property without consideration of their interactions would result in unsatisfactory prediction. We proposed models that quantitatively described SOC and SIC contents as a combined product of different soil properties for each vegetation cover in both northeast-facing and west-facing slopes using multiple regression analysis, which could improve the prediction of SOC and SIC contents for the study area from the simple linear regression models.
Key words: inorganic carbon-Loess Plateau-organic carbon-soil toposequence-vegetation cover-vertical distribution Thus, a subtle fluctuation of such a huge C pool may potentially alter the atmospheric carbon dioxide (CO 2 ) concentration and the global climate. The abundance of C in the soil is affected by plant production as well as the composition and activity of microorganisms. Investigations of patterns, distributions, and controls of soil C storage are critical for improving our understanding of ecosystem processes, given the importance of C for ecosystem function and security.
There have been many studies in the past several decades investigating the storage and distribution of soil organic carbon (SOC) at different spatial scales (Eswaran et al. 1993; Fang et al. 1996; Gu et al. 2013; Wang et al. 2009; Yang et al. 2015; Zhao et al. 2006; Lollato et al. 2012 ) and its evolution characteristics under the influence of natural and anthropogenic perturbations (Liu et al. 2011; Qiu et al. 2015; Wissing et al. 2011) . However, many of these studies were only conducted on the topsoil (e.g., 0 to 20 cm), and the response of SOC in deep soil layer to vegetation cover changes is not well known. The accumulation of soil inorganic carbon (SIC) under previous cultivation was studied (Cihacek and Ulmer 2002; Mcpherson and Sundquist 2013; Mikhailova and Post 2006) , but the characteristics of SIC following vegetation restoration have been largely neglected in previous studies. Soil inorganic C occurs primarily as carbonate minerals, such as calcium carbonate (CaCO 3 ) and dolomite (CaMg [CO 3 ] 2 ) (Batjes 1996) .and semiarid regions where SIC stock is much higher than SOC (Eswaran et al. 2000; Zhang et al. 2015) .
The Loess Plateau of China is located in a typical arid and semiarid region and stores huge amounts of SOC and SIC because of its deep loess deposit (the maximum depth > 300 m). Vegetation rehabilitation has been widely used in the Loess Plateau for prevention and control of soil and water loss (Fu et al. 2002) . As a result, the area of farmland-converted forestland and grassland has increased rapidly during the past several decades (Deng et al. 2012) . Changes in land use and vegetation cover have been confirmed to affect (1) the quantity and quality of vegetation litter Maraseni et al. 2008) ; (2) the root distribution of vegetation, which influences the soil respiration and soil water content (Osman and Barakba 2006) ; and (3) the microbial biomass and activity (Li et al. 2013; Nsabimana et al. 2004; Tyler et al. 2016) . However, whether these alterations influence the vertical distribution of SOC and SIC and the accompanying relationships with soil physicochemical properties remains poorly understood. Consequently, the objectives of this study were to (1) investigate the variance and vertical distribution of SOC and SIC within 2 m profiles under different vegetation covers (grassland versus forestland) in two toposequences (west-facing versus northeast-facing slope) in a watershed in order to get better insight into the potential of the Loess Plateau for C sequestration, and (2) establish quantitative models that predict SOC and SIC based on their relationships with related soil properties to obtain a better understanding of the effects of soil properties on soil C variations.
Materials and Methods
Site Description. This study was conducted on two slopes in the Liudaogou watershed, which is located in the northern part of Loess Plateau in Shenmu County, Shaanxi Province, China (latitude 38°46´ to 38°51´ N; longitude 110°21´ to 110°23´ E; figure 1). This watershed covers an area of 6.89 km 2 and has an altitude ranging from 1,085 to 1,270 m. This region belongs to a semiarid continental climate zone with a mean annual temperature and precipitation of 8.4°C and 437 mm, respectively. The lowest and highest temperature generally occurs in January (-9.7°C) and July (23.7°C). More than 70% of the precipitation occurs from June to September. The aridity index is 1.8, and the mean annual potential evapotranspiration reaches 785 mm. The main soil type is Aridic Calcisols (FAO 2006) , which develops from low-fertility loess. The size distribution of soil particles demonstrates a light loam soil in the study area (Zhang 2002) , with 12.21% to 21.07% clay, 44.52% to 60.34% silt, and 19.91% to 41.22% sand. Slope land (≥5°) is the main land type, which occupies 76.51% of the total area of this watershed, and the slope land is categorized to four classes: gentle slope (<8°), hilly slope (8° to 12°), steep slope (12° to 25°), and ditch slope (>25°), which represent 12.89%, 21.58%, 15.84%, and 26.20% of soils in this region, respectively (Yi and Wang 2012) . The vegetation has been widely restored on the slopes in the watershed during the past several decades to prevent severe soil erosion and degradation. This restoration used typical plants of arid land, including purple alfalfa (Medicago sativa), korshinsk peashrub (Caragana korshinskii kom), and apricot trees (Prunus armeniaca). The abandoned cropland in the study watershed is generally recovered by natural vegetation, such as bunge needlegrass (Stipa bungeana Trin) and dahurica bush clover (Lespedeza dahurica).
The orientations of two slopes mentioned above are respectively north to east for 25° (NE-slope) and west to north for 9° (W-slope). The average slopes of NE-slope and W-slope are approximately 14° and 21°, respectively. The lengths of NE-slope and W-slope are about 210 m and 340 m, respectively. NE-slope and W-slope are separated by a deep gully and the distance of them is about 2 km. The two slopes have serious soil and water erosion because of the previous agricultural activities on the slopes. The "Grain for Green" project was launched by the Chinese government in the 1980s to reduce soil and water loss in the Loess Plateau, which significantly altered the vegetation cover. The restored grassland and forestland alternately occur as patches from the upper to the bottom of the slopes along the flow direction. The dominant vegetation on the NE-slope are bunge needlegrass, crested wheatgrasses (Agropyron cristatum), korshinsk peashrub, and apricot trees. The typical vegetation on the W-slope are Artemisia scoparia, purple alfalfa, and apricot trees (table 1) .
Soil Sampling and Analysis. On each slope, six typical profiles were chosen under different slope position and vegetation covers: three profiles under grass and three profiles under forest. The six profiles on NE-slope or W-slope formed the toposequence, and the detailed information about the vegetation cover, typical vegetation, and its coverage of the two toposequences are listed in table 1. Each soil profile was excavated to the depth of 2 m and can be divided into three horizons: eluvial horizon (A) with lots of roots and microorganisms, illuvial horizon (B) with less roots and many caliche nodules of varying sizes, and parent material (C). The detailed field descriptions and classifications of the soil profiles are given in table 2. Soil samples were collected at 10 cm and 20 cm intervals within 0 to 1 m and 1 to 2 m, respectively, which covered all the genetic horizons in each soil profile. The undisturbed soil samples were collected by stainless steel cutting rings (5 cm in diameter and height) for measuring bulk density (BD), noncapillary porosity, capillary porosity, total porosity, and soil water content (SWC). The composite disturbed soil samples were also taken in each soil profile, which were then air-dried and sequentially ground to pass through 2 mm, 1 mm, 0.25 mm, and 0.15 mm nylon sieves for measuring pH, particle-size distribution (PSD), and organic and inorganic C contents.
Bulk density was measured by the core method (Grossman and Reinsch 2002) . pH was measured using a pH meter equipped with a calibrated combined glass electrode at a ratio of soil/water (CO 2 in the water was removed through controlling boiling condition) of 1:2.5 (Mclean 1982) . Hydrogen peroxide (H 2 O 2 ) was used to remove organic matter, and sodium hexametaphosphate ([NaPO 3 ] 6 ) was used to disperse the samples. After the processing, PSD (volume fraction) was determined by the laser diffraction technique using a Mastersizer 2000 (Malvern Instrument, Malvern, England) as described by Jia et al. (2013) and Wu and Lu (2012) . Particle-size distribution was classified based on clay (<0.002 mm), silt (0.002 to 0.05 mm), and sand (0.05 to 2 mm) contents developed by USDA. Soil total porosity was calculated using equation 1, based on measured BD and assuming a soil particle density of 2.65 g cm -3
: Figure 1 (a) Location of the study site and (b) the distribution of different soil profiles on both slopes (NE slope is northeast-facing; W slope is west-facing; P1 through P6 are soil profiles with different altitudes and vegetation covers).
(a) where P t is the soil total porosity (%), BD is the bulk density (g cm -3
), and DS is the soil particle density (g cm -3
). Soil capillary porosity was determined by placing the samples on filter paper that was kept moist, thereby allowing the soil to absorb water via capillary action. The mass increase was recorded when the sample reached a steady mass, usually 12 hours later. Then, the capillary water capacity could be measured. Soil capillary porosity was subsequently calculated using equation 2, based on BD and soil capillary water capacity data:
where P c is the soil capillary porosity (%), W c is the soil capillary water content (w-w, %), and V is the volume of soil core (cm 3 ).
Consequently, soil noncapillary porosity was calculated using equation 3:
where P is the soil noncapillary porosity.
More details about the analysis of soil porosity have been given elsewhere . Soil water content was measured gravimetrically and expressed as a percentage of soil water to dry soil weight . Soil organic C was analyzed by using the potassium dichromate (K 2 Cr 2 O 7 ) oxidation method based on Walkley-Black's method (Nelson et al. 1982) . Calcium carbonate was determined by dissolving soil samples in hydrochloric acid and measuring the amount of CO 2 released, and then SIC was calculated based on CaCO 3 content multiplied by 0.12 (Dreimanis 1962) .
Statistical Analysis. All individual data sets were grouped by the vegetation covers and slope aspects, which were then subjected to a statistical evaluation, including calculation of various descriptive statistics such as the extremum (Min and Max), the mean value, and the standard deviation (SD). Microsoft Excel 2016 (Microsoft, Redmond, Washington) was used to calculate the coefficient of variations (CVs) of different soil properties. Differences in soil C and selected soil properties with respect to vegetation cover and slope aspect were determined using two-way ANOVA and differences were evaluated at the 0.05 significance level. Modeling exponential vertical distribution of SOC content was performed by Origin Pro 9.0 (OriginLab, Northampton, Massachusetts). Correlation analysis was adopted to identify correlations of organic and inorganic C contents with selected soil properties. Multiple regression analysis was used to obtain models, which quantitatively described SOC and SIC contents as a combined product of different soil properties for each vegetation cover in both northeast-facing and west-facing slopes. All the statistical analyses were conducted using the Statistical Program for Social Sciences program (SPSS 20.0 for Windows; SPCC Inc., Chicago, Illinois). Table 2 Detailed description of the studied soil profiles. 84, 8.82, 8.86, and 8.90 for NE-grassland, NE-forestland, W-grassland, and W-forestland, respectively. The pH value of forestland in the west-facing slope (W-forestland) was slightly higher than that of forestland in the northeast-facing slope (NE-forestland) (p < 0.05), while there were no significant differences of pH between forestland and grassland either in the northeast-facing slope or west-facing slope (p > 0.05). Alkaline soils were also reported for forestlands and grasslands in other regions of Loess Plateau (Li and Shao 2006; Liu et al. 2013 ).
Results and Discussion
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The mean values of BD showed little variation among NE-grassland, NE-forestland, W-grassland, and W-forestland, ranging from 1.49 to 1.53. However, BD varied significantly within soil profiles as demonstrated by the large ranges (Max-Min) under each vegetation cover (table 3) , which was consistent to the results of Gao et al. (2012) conducted in the Liudaogou watershed. The mean values of soil porosity and SWC also showed relatively small changes under both forestlands and grasslands in different slopes, but exhibited large variations within soil profiles as demonstrated by the large ranges (table 3) . Particle-size distributions were all dominated by silt, followed by sand and clay in both forestlands and grasslands in different slopes. The mean silt and clay contents in the northeast-facing slope were significantly lower than those in the west-facing slope (p < 0.05), while the mean sand contents showed the opposite trend (table 3) . Our results demonstrated that the vegetation covers and slope aspects have varying degrees of effects on different soil properties, which were attributed to different sensitivities of soil properties to changes in environmental conditions. Previous studies have also shown that slope aspects and vegetation covers affect soil properties on slopes in the arid and semiarid regions of northwestern China (Huang et al. 2015; Qin et al. 2016; Qiu et al. 2001) .
Profile Distribution of Soil Organic Carbon with Soil Depth. The profile distribution of SOC contents under different vegetation covers were shown in figure 2. In general, SOC in the northeast-facing slope (0.62 to 4.42 g kg -1 for grassland and 0.75 to 4.41 g kg -1 for forestland) was comparable to that in the west-facing slope (0.82 to 5.12 g kg -1 for grassland and 0.72 to 4.40 g kg -1
for forestland). Soil organic C under different vegetation covers in both northeast-and west-facing slopes decreased rapidly with depth in the top 0 to 50 cm soil layer, and then remained relatively stable over the 50 to 200 cm depth (figures 2a through 2d). There were significant differences (p < 0.05) between SOC contents in the surface layers (0 to 10 cm and 10 to 20 cm) and that in the deeper soil layers (>20 cm) (figure 2a through 2d), which was attributed to larger inputs of SOC by root exudates, dead roots, and microbial biomass in the top soils . The weighted-mean SOC contents in the 0 to 50 cm soil layer decreased in the order of W-grassland > W-forestland > NE-grassland > NE-forestland, but there were no significant differences of mean SOC over 0 to 50 cm either for different vegetation covers in the same slope or for the same vegetation cover between different slopes (p > 0.05) (figure 2e). In the layer below 50 cm, the weighted-mean SOC of grassland in the west-facing slope (W-grassland) was significantly higher than that in the northeast-facing slope (NE-grassland) (p < 0.05), but there were no significant differences of mean SOC over 50 to 200 cm between different vegetation covers in the same slope (p > 0.05) (figure 2f).
The progressively decreasing SOC with soil depth was fitted by an exponential equation according to Arrouays and Pelissier (1994) as follows:
where x is the midpoint depth along the profile and C x is the corresponding SOC content (g kg -1
); x 1 and C 1 are the midpoint depth and SOC content of the upper layer; and x 2 and C 2 are the midpoint depth and SOC content of the deeper layer. The coefficient b (cm -1 ) represents the curve of SOC distribution patterns.
In this study, the parameters x 1 and x 2 have been fixed to 0 cm and 200 cm, and C 1 and C 2 therefore represent respectively the theoretical SOC content at the litter/soil contact and to 200 cm depth. Equation 4 thus can be written as equation 5, and the vertical distribution of SOC content in the 0 to 200 cm soil are well fitted to equation 5:
Table 4 reports the model parameters of the exponential distribution of SOC in soil profiles under different vegetation covers and slopes. C 1 reflects the theoretical initial accumulation of SOC at the litter/soil contact (e.g., surface) and C 2 reflects the stable SOC content at the deepest layer; C 1 -C 2 thus reflects the difference of SOC content between the surface and deepest layer. Variations of the model parameters in table 4 reflect the effects of vegetation covers and slope aspects on the profile distribution of SOC. Orders of C 1 and C 2 values are forestland > grassland for the northeast-facing slope and grassland > forestland for the west-facing slope. The difference of SOC content between the surface and deepest layer (C 1 -C 2 ) shows a similar pattern to that of C 1 and C 2 . The proportions of SOC changes (C 1 -C 2 ) to the theoretical initial accumulation of SOC (C 1 ) follow the order of NE-grassland > NE-forestland > W-grassland > W-forestland.
Profile Distribution of Soil Inorganic Carbon with Soil Depth. Soil inorganic C contents as a function of profile depth under different vegetation covers were shown in figure 3. Compared to SOC (0.62 to 5.12 g kg -1 ), SIC contents under different vegetation covers were much higher and ranged from 4.11 to 18.69 g kg -1 (figure 2a through 2d and figure 3a through 3d). Soil inorganic C contents of forestland were higher in the west-facing slope (W-forestland, 9.98 to 18.69
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www.swcs.org ) than that in the northeast-facing slope (NE-forestland, 5.91 to 11.18 g kg ) (figures 3a through 3d ). Higher contents of SIC relative to SOC were attributed to the high soil pH values (table 3), which promoted the formation and accumulation of CaCO 3 in the loess soils (Civeira 2016) . Soil inorganic C contents under different vegetation covers increased initially with depth and then decreased downwards, except for the grassland in the west-facing slope (W-grassland), which declined at first and then increased along soil depth (figures 3a through 3d). The different amounts and vertical distribution patterns of SIC (figures 3a through 3d) indicated that vegetation covers and slope aspects had different effects on the profile distribution characteristics of SIC. Different vegetation covers and slope aspects will influence the amount and distribution patterns of solar and water energy (Holland and Steyn 1975) . Despite the observed fluctuations of SIC with depth, there were no significant differences (p > 0.05) of SIC contents in the different soil layers (figures 3a through 3d), contrasting with the dramatic decline of SOC with depth (figures 2a through 2d). Similar results were reported in the Zhifanggou watershed on the Loess Plateau (Zhao et al. 2016) . The weighted-mean SIC contents in the 0 to 50 cm and 50 to 200 cm soil layers decreased in the order of W-grassland > W-forestland > NE-grassland > NE-forestland and W-forestland > NE-forestland > NE-grassland > W-grassland, respectively. For different vegetation covers, the weighted-mean SIC within both 0 to 50 cm and 50 to 200 cm in the forestland was significantly higher than that in the grassland in the west-facing slope (p < 0.05), but there were no significant differences of mean SIC over 0 to 50 cm and 50 to 200 cm between forestland and grassland in the northeast-facing slope (p > 0.05) (figures 3e and 3f). For different slope aspects, the weighted-mean SIC within the 0 to 50 cm layer in the grassland was significantly higher in the northeast-facing slope (NE-grassland) than that in the west-facing slope (W-grassland) (p < 0.05) (figure 3e), while the weighted-mean SIC within 50 to 200 cm in the forestland was lower in the northeast-facing slope (NE-forestland) than that in the west-facing slope (W-forestland) (p < 0.05) (figure 3f).
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Previous studies have shown that the decomposition and mineralization of SOC is one of the driving forces in the formation and redistribution of carbonate in soils Huang et al. 2006; Liu et al. 2016) . To investigate the relationship between SOC and SIC in detail, the correlation analysis between the SOC and SIC in the 0 to 50 cm soil layer was shown in figure 4. There were negative correlations between SOC and SIC in the 0 to 50 cm soil under different vegetation covers in the northeast-facing slope (figure 4). In contrast, different correlations were observed between SOC and SIC in the 0 to 50 cm soil under forestland (negative) and grassland (positive) in the west-facing slope (figure 4). This indicated that SIC decreased with the increase of SOC for NE-grassland, NE-forestland, and W-forestland, but increased with the increase of SOC for W-grassland (figure 4). The increment in SIC was largest for NE-forestland per unit decrement in SOC, followed by NE-grassland and W-forestland (figure 4). This may be related to variations in soil microbial biomass and microbial SOC content (g kg -1 ) SOC content (g kg -1 ) functional diversity values (Hu et al. 2010) , which requires further research in the future. In addition, the relatively low SWC in NE-forestland is expected to slow down the transfer of the pedogenic carbonate compared with that in NE-grassland and W-forestland with relatively higher SWC (table 3) . Consequently, more carbonate was accumulated with the same decrement of SOC under forestland in the northeast-facing slope (NE-forestland). The positive correlation between SIC and SOC for W-grassland may be related to the higher BD and lower total porosity (table 3) , which prevent carbonate leaching irrespective of the increase of SOC.
Effects of Soil Physical Properties on the Variability of Soil Organic Carbon and Soil
Inorganic Carbon. There were significant correlations between SOC/SIC and soil properties (figure 5). Soil organic C under different vegetation covers was negatively correlated with pH and BD, but positively correlated with capillary porosity except N E -f o r e s t la n d W -g r a s s la n d W -f o r e s t la n d N E -g r a s s la n d N E -f o r e s t la n d W -g r a s s la n d W -f o r e s t la n d Table 4 Model parameters for the exponential distribution of soil organic carbon (SOC) in the soil profile. Notes: C 1 and C 2 represent the theoretical initial accumulation of SOC at the surface layer and the stable SOC content at the deepest layer, respectively. b is a coefficient reflecting the curve of SOC distribution pattern. R 2 is a measure of goodness of fit of the regression.
for the grassland in the west-facing slope (W-grassland) ( figure 5 ). This indicated that pH, BD, and capillary porosity affected SOC under different vegetation covers, but the direction of impacts varied among different soil properties. Liu et al. (2017) also found significant negative correlations between SOC and pH and BD on the Loess Plateau. pH was considered the most important driving factor for SOC (Li et al. 2016) as it affects soil microbial constituents and activities, which are strongly related to SOC decomposition rates (Francis 1986; Tang et al. 2012 ).
Higher SOC contents were often associated with lower BD (Johnson et al. 2015) . Consequently, other soil properties influencing pH and BD would also have an impact on SOC. For instance, soil porosity could affect the transportation of soil water and thus influence the profile distribution of SOC through the leaching and precipitation processes. In addition, there were negative correlations between SOC and SWC in the west-facing slope (W-grassland and W-forestland), while there was no relationship between SOC and SWC in the northeast-facing slope (NE-grassland and NE-forestland) . This may be due to the large texture discrepancies in different slopes (table 3) that determine the soil water carrying capacity and its movement. Our results demonstrated that different soil properties could simultaneously affect SOC contents. Thus, attempts to model SOC based on the independent effects of individual soil property without consideration of their interactions (Liu et al. 2013; Wang et al. 2012 ) would result in unsatisfactory prediction. Multiple regression models have been widely used as a methodology for evaluating and quantifying the influence of two or more independent variables on a dependent variable. Here we proposed models that quantitatively described SOC contents as a combined product of different soil properties for each vegetation cover in both northeast-facing and west-facing slopes using multiple regression analysis (table 5) .
The multiple regression models (table 5) that coupled the effects of pH, BD, and porosity provided an improved prediction of SOC contents for the study area from the simple linear regression model. Soil inorganic C was positively correlated to clay content under different vegetation covers in both northeast-facing and west-facing slopes (figure 5), indicating that SIC all increased with the increasing clay content for NE-grassland, NE-forestland, W-grassland, and W-forestland. This was attributed to the gradual formation of CaCO 3 and clay during pedogenesis, and that they could simultaneously move toward deeper soil layers through leaching due to the relatively high porosity of loess soils (Gong et al. 2007) . Positive correlations between SIC and BD were also observed for NE-forestland, W-grassland, and W-forestland, suggesting that soils with higher BD tended to retain more SIC. This was similar to the study of Wang et al. (2016) , in which fine-texture soils with higher BD and lower hydraulic conductivity had higher SIC. In addition, there were negative correlations between SIC and sand content for W-grassland and W-forestland, and positive correlations between SIC and SWC for NE-grassland and W-forestland. She et al. (2014) also found positive correlation between SIC and SWC for different vegetation covers in the Liudaogou watershed. Previous studies have shown that soil pH was one of the important variables for explaining the variations of SIC because of its strong influence on the carbonate formation process. However, the relationship between SIC and pH was inconsistent in the published literature. For instance, Mu et al. (2016) found that SIC was negatively correlated with pH, but other researchers showed that the relationship was positive (Civeira 2016; ). This study indicated that SIC was positively correlated with pH in the grassland of the west-facing slope. These results demonstrated complex interactions of SIC and soil properties. Due to the complexity of the processes that control the formation, transportation, and vertical distribution of SIC in soil profiles, we used multiple regression analysis to obtain models that quantitatively described SIC content as a combined product of different soil properties for each vegetation cover in both northeastfacing and west-facing slopes (table 5) . These multiple regression models (table 5) , which coupled the effects of pH, BD, clay, and SWC, provided an improved prediction of SIC contents for the study area from the simple linear regression model.
Summary and Conclusions
The measured soil properties can be differentiated into two groups: (1) one behaving relatively conservatively (pH, BD, silt content, and capillary and total porosity) with CVs < 10%, and (2) the other encompassing more labile components (SOC and SIC, noncapillary porosity, sand, and clay and soil water content) with CVs > 10%. Soil organic C under different vegetation covers in the two toposequences (0.62 to 5.12 g kg -1
) decreased rapidly with depth in the top 0 to 50 cm soil layer and then remained relatively stable over the 50 to 200 cm depth, which can be described by the exponential model. In contrast, SIC (4.11 to 18.69 g kg -1 ) was much higher than SOC and showed distinct distribution patterns, which increased initially with depth and then decreased downwards except for the grassland in the west-facing slope (W-grassland), exhibiting an opposite trend. There were no significant differences of SOC under different vegetation covers or in different slopes (p > 0.05) over the whole profile; however, significant differences of SIC were observed for both different vegetation covers in the same slope and for the same vegetation cover in different slopes (e.g., W-grassland versus W-forestland and W-grassland versus NE-grassland) (p < 0.05). Our study demonstrated that different soil properties could simultaneously affect SOC and SIC contents, thus, attempts to model SOC and SIC based on the independent effects of individual soil property without consideration of their interactions would result in unsatisfactory prediction. We proposed models that quantitatively described SOC and SIC contents as a combined product of different soil properties for each vegetation cover in both northeastfacing and west-facing slopes using multiple regression analysis, which improved prediction of SOC and SIC contents for the study area from the simple linear regression models. The results of the current study can improve our understanding of soil C dynamics and the estimation of soil C storage on the Loess Plateau of China. Yet, the extent to which our results can be extrapolated to other regions in Chinese Loess Plateau requires further study.
Figure 4
Correlations between weight-mean soil organic carbon (SOC) and soil inorganic carbon (SIC) in the 0 to 50 cm soil depth under different vegetation types in different slope aspects (NE is northeast and W is west).
0 to 50 cm weight-mean SIC content (g kg Capillary porosity Noncapillary porosity Total porosity Table 5 Multiple regression models that quantitatively described soil organic carbon (SOC) and soil inorganic carbon (SIC) as a combined product of different soil physical properties under different vegetation covers. 
